Abstract. The Acid Drainage Technology Initiative (ADTI) is a coalition of federal and state agencies, industry, academia, and consulting firms working together to promote communications and technology enhancement in the field of prediction and remediation of acid drainage from mining activities, past and present. This joint effort was formed in recognition of the need to address a range of issues dealing with the technical problems of predicting and controlling acid drainage. These include: the legacy of acid mine drainage/acid rock drainage (AMD/ARD) problems throughout the U.S; the development of consensus on improved test methods, particularly for prediction of mine drainage quality prior to mining; avoidance and remediation technology to prevent, treat and abate AMD/ARD pollution in an effective and economical manner and the application of "best science" methods to accomplish these goals. ADTI is subdivided into a coal mining sector and a metal mining sector. The coal mining sector (http://wvwri.nrcce.wvu.edu/ADTI) is organized into two primary working groups, one focused on prediction and the other on avoidance and remediation methods. The metal mining sector
Introduction
The Acid Drainage Technology Initiative (ADTI) is an applied science and technology development program that addresses mine drainage issues related to abandoned and active mining activities. These issues include mine drainage prediction, sampling, monitoring, modeling and avoidance and remediation. This paper discusses the formation, goals and major accomplishments of the ADTI.
A number of federal agencies, including the Office of Surface Mining (OSM), Bureau of Land Management (BLM), U.S. Geological Survey (USGS), U.S. Environmental Protection Agency (EPA), the U.S. Army Corps of Engineers (USACE) and the U.S. Bureau of Mines (USBM), joined together with industry, the states and academia in a partnership-based effort to identify, evaluate and develop "best science" practices to remediate existing sources of mine drainage and to prevent its occurrence from active and future mining. The ADTI program provides a central focus on technology development and technology transfer; it is not a regulatory or policy development program. The guiding principle of ADTI is to build consensus among all partners on acid drainage technology development and technology transfer issues.
ADTI is focused on reducing the extent and severity of acid drainage problems from all sources, including acid mine drainage (AMD) related to coal mining and acid rock drainage (ARD) related to metal mining. The former is primarily an issue in the eastern United States, while the latter is primarily an issue the western United States. An example of AMD from an abandoned coal mine is shown in Fig. 1 . The magnitude of the AMD problem is illustrated by an EPA survey (EPA 1995) , which indicated that approximately 5,100 miles of streams have been impacted by acid mine drainage in five Appalachian region states. Other coal mining regions are also affected by AMD, though not to the same extent, and ARD affects many hard rock mining areas.
Objectives
The overall objectives of ADTI are to identify, evaluate and develop cost-effective and practical acid drainage technologies, develop the best science available in the field of acid drainage and work toward a consensus among industry, federal and state regulatory agencies on mine drainage prediction and remediation methods. 
Origin and Development of ADTI
The idea for a program that was to become known as ADTI, originated at the 3 rd International Conference on Acidic Rock Drainage in Pittsburgh, PA in April 1994, where OSM organized a meeting on mine drainage issues. At this meeting, a cross-section of scientists from federal and state agencies, the coal mining industry and two universities (West Virginia University and Penn State University), discussed the current state of knowledge of the science of mine drainage prediction techniques. The goal of the meeting was to develop consensus on reliable, standard test methods for mine drainage prediction applicable to the Appalachian Coal Basin. The group recognized that this task could not be accomplished in one day and agreed to work together to build consensus on solving mine drainage problems. The next step occurred in September 1995 when a Planning Committee was formed. The Planning Committee consisted of representatives from the National Mining Association (NMA), the Interstate Mining Compact Commission (IMCC), the National Mine Land Reclamation Center (NMLRC), OSM, BLM and EPA. The Planning Committee coined the term: Acid Drainage Technology Initiative to include acid drainage issues related both to coal mining as well as to metal mining. The Planning Committee designated the NMLRC at West Virginia University to be the initial Secretariat for ADTI, which was consistent with NMLRC's Congressional mandate to: "coordinate research activities and technology development with industry, state and federal agencies and trade organizations." Thus, an integral part of the organization of ADTI is the participation of the academic community.
In December 1995, a "White Paper," that served as the foundation for the ADTI joint venture, was prepared by the NMLRC and the Planning Committee. The White Paper outlined the roles of a newly formed Operations Committee, which was set up to replace the Planning Committee. The roles of the Operations Committee are to coordinate the work of the ADTI Working Groups, provide guidance to them, monitor their progress and facilitate the consensusbuilding process. The history and development of the ADTI was extensively detailed in a paper by Roger Hornberger at the 5 th International Conference on Acid Rock Drainage (ICARD) in June 2000 (Hornberger et al., 2000) , which along with updated material, forms the basis for this discussion. For the first two years, Working Groups 1 and 2 consisted of members working in and/or representing the coal and metal mining sectors. Initial and subsequent Work Group meetings showed that members from a variety of backgrounds (the mining industry, federal and state agencies and academia), were able to work well together on common problems confronting both industries. However, as there are major differences in geology, climate, mining practices and regulatory practices between metal mining and coal mining, the working groups and the Operations Committee recognized that it was necessary to change ADTI's structure and some of its initial goals. The Prediction Group realized that a single prediction report would not adequately address the specific concerns and issues of both the metal and coal mining sectors.
Organization and Structure of ADTI
Therefore, it was decided to produce two prediction reports, one addressing coal mining and one addressing metal mining. In a similar vein, the Avoidance and Remediation Working Group, which was working on one comprehensive handbook, also realized the need for two reports, one on coal mining and one on metal mining, with the coal mining volume to be prepared first.
These developments led to the organization of a metal mining sector (MMS) within ADTI to better address issues and problems faced by the metal mining industry, and the federal and state agencies associated with the industry and the remediation of abandoned metal mine sites. The MMS was organized in August 1998. In April, 1999, four MMS members were added to the Operations Committee, including one as MMS Chairperson. The MMS Steering Committee solicited proposals for a Western university center for ADTI as the counterpart of NMLRC at WVU. In October, 1999, the University of Nevada at Reno was approved as the Western center.
With the establishment of the MMS, the current organizational structure of ADTI became set, as shown in Fig. 2 .
The CMS appointed a Chairperson, which it previously had not had, to balance the organizational structure and communications functions with those of the Chairperson of the MMS. These re-organizational developments have helped shape ADTI into a more balanced organization with better capabilities for technology development and technology transfer for both coal and non-coal mining than at the outset. The current organizational structure of the CMS is the same as the original ADTI structure, that is, two major working groups, Prediction and Avoidance and Remediation, each with several subgroups. 
Initial Projects
The initial projects identified by the CMS were to produce state-of-the-art summaries of AMD prediction and remediation technology. The first ADTI product was "A Handbook of Technologies for Avoidance and Remediation of Acid Mine Drainage" (Skousen et al., 1998) .
The second ADTI CMS product was: "Prediction of Water Quality at Surface Coal Mines" (Kleinmann, 2000) . Table 2 gives the makeup of this Working Group.
Table 2. Makeup of Working Group 2, Avoidance and Remediation.
The Avoidance and Remediation Handbook is a comprehensive resource that describes the many applicable technologies, including generalized design and performance criteria. It also describes failures to enable the user to avoid repeating inadequate and inappropriate methods. It includes a series of case studies to provide information on the applicability and limitations of each technique to enable the user to select the best technique for a particular situation. Table 3 below, gives the four major technical sections and the topics covered in each.
Prediction Report. The second ADTI CMS publication, Prediction of Water Quality at Surface
Coal Mines (Kleinmann, 2000) was prepared by the Prediction Working Group. This working group consisted of 27 experts who worked under the direction of Chairman Robert Kleinmann. The key findings, recommendations and conclusions in the report are summarized below: • Mine drainage prediction should be considered as the integration of chemical, geologic, hydrologic and biologic processes needed to arrive at an overall estimate of water quality.
The makeup of this Working Group is shown in
• If site characterization is adequate, it is generally possible to predict post-mining water quality. • Prediction is best achieved by using a variety of tools, including, hydrologic data, geologic data, and data from prior mining sites with equivalent properties. An integral part of the evaluation should be whether predicted water quality is likely to have unacceptable effects on local water quality (i.e., resource sensitivity), and if so, what can be done during mining and reclamation to avoid or negate any such adverse effects.
• Implicit in prediction is the requirement that the samples collected be representative of the site being evaluated; i.e., geologic variability within a site must be captured through adequate sampling. The effect of weathering on the sampled strata must also be considered.
• Acid Base Accounting (ABA) remains the preferred static overburden mine drainage prediction test. The use of ABA for accurate prediction of mine water quality depends on obtaining representative overburden samples.
• There is an uncertain or "gray zone" for ABA overburden analyses, between analytical results clearly associated with alkaline drainage and those that are clearly associated with • Modified ABA procedures are recommended to account for sources of error due to the presence of the mineral siderite and to the subjective nature of the "fizz" test (see Chapter 4).
The presence of the mineral siderite is known to cause overestimation of alkalinity levels reported in ABA results.
• ABA analyses should use total (rather than pyritic) sulfur; since this overestimates acid potential, it will provide a margin of safety.
• Overburden analysis may not be necessary, if equivalent information is available from adjacent mining, pre-mining water quality and other site characterization data. The most effective predictor of AMD potential has been found to be previous mining in the same seam and general location as the proposed operation.
• Many recommendations were made for improving and standardizing kinetic (simulated weathering) testing (see Chapter 5). Kinetic testing is especially appropriate when ABA results fall into the gray zone.
• The importance of overburden sampling considerations was emphasized (see Chapter 6). A practical approach to overburden sampling was outlined, using a toolbox of useful information and an experience-oriented understanding of overburden sampling. Overburden sampling considerations include: a sound sampling plan based on geologic knowledge, preliminary drilling, the size, shape and layout of the mine, depth of overburden, depth of the weathered zone, topography and facies changes.
• The ADTI Coal Mining Sector supports the work done in Pennsylvania (see Chapter 6), which indicates that a minimum of three and more typically six to seven drill holes are needed per 100 acres to capture the geologic variability of a site. But, as each site is different, no hard and fast rule can be stated.
• Finally, and most importantly is the need to evaluate each mine site on a case-by-case basis, as each mine site is unique, which precludes the use of a simple cookbook approach.
Subsequent and Ongoing CMS Activity
Subsequent CMS activity has focused on the following general areas:
Monitoring and Evaluation of Acid Mine Drainage Remediation Projects. The purpose of this activity is to determine the overall performance of AMD remediation technologies. Selenium in Coal Mine Overburden and Surface and Ground Water. This is a project to identify potential sources, strategies for preventing mobilization and offsite transport, and treatment methods.
Field Verification of the Acid-Base Accounting Method to Predict AMD. This project compares pre-mining and post-reclamation water quality data at reclaimed mine sites. This will help determine which parameters most accurately predict post-mining water quality; i.e., how well the pre-mining ABA results compare to water quality actually produced from a reclaimed site.
Development of standardized kinetic test procedures. This is a project to develop a standardized simulated-weathering laboratory test procedure to predict coal mine drainage quality resulting from coal-mine overburden by more realistically simulating the chemical conditions under which AMD forms.
Other projects. There are a variety of other projects. These include monitoring of in-situ underground mine treatment sites and providing technical assistance to watershed AMD remediation projects.
These activities are discussed in more detail in Parsons et al., (2004) , which follows this paper. The future planned activities of the CMS will also be discussed in 
ADTI Websites
Each of the ADTI sectors has its own website.
The MMS website is http://www.unr.edu/mines/adti/. It is maintained by the Mining Life-Cycle Center at the University of Nevada, Reno. The website contains information about ADTI, Committees, Workbooks, Consensus Review, Projects, Presentations, Research and Links as well as information about how to join. The website also serves as access for review of workbooks.
Contacts can be made through the website to gain access to the review process.
